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Abstract 

Background: During the pandemic [Influenza A(H1 N1)pdm09] period in 2009-2010, an influenza A (Inf-A) virus with 
H1N2 subtype (designated as A/Eastern lndia/N-1 289/2009) was detected from a 25 years old male from Mizoram 
(North-eastern India). 

Objective: To characterize full genome of the H1 N2 influenza virus. 

Methods: For initial detection of Influenza viruses, amplification of matrix protein (M) gene of Inf-A and B viruses 
was carried out by real time RT-PCR. Influenza A positive viruses are then further subtyped with HA and NA gene 
specific primers. Sequencing and the phylogenetic analysis was performed for the H1N2 strain to understand its 
origin. 

Results: The outcome of this full genome study revealed a unique reassortment event where the N-1289 virus 
acquired it's HA gene from a 2009 pandemic H1N1 virus with swine origin and the other genes from H3N2-like 
viruses of human origin. 

Conclusions: This study provides information on possibility of occurrence of reassortment events during influenza 
season when infectivity is high and two different subtypes of Inf-A viruses co-circulate in same geographical 
location. 
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Background 

Influenza A viruses belongs to the family Orthomyxovi- 
ridae. Orthomyxoviruses have negative-sense single- 
stranded RNA genomes that are segmented, allowing for 
reassortment and production of novel viruses. There are 
two major surface glycoproteins, hemagglutinin (HA) 
and neuraminidase (NA), that define subtypes and are 
important for host range, antigenicity, pathogenesis, and 
diagnostic detection. The H3N2 viruses were demon- 
strated to have acquired HA, NA, and PB1 genes of 
human virus origin, PA and PB2 genes of avian virus 
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origin, and the remaining internal genes, NP, M, and NS, 
of swine virus origin, thus are also referred as the triple 
reassortant viruses (TR H3N2) [1]. The human lineage 
PB1, avian lineages PB2 and PA, and swine lineages NP, 
M, and NS found in contemporary swine viruses are 
referred to as the triple reassortant internal gene (TRIG) 
constellation [2]. Other than sporadic transmission to 
humans [3], classical swine influenza A viruses of the 
H1N1 subtype were historically distinct from avian and 
other mammalian influenza viruses based on host speci- 
ficity, serologic type, and/or genotype [4]. H3N2 viruses 
were responsible for Hong Kong flu in 1968 and were 
reported from Maharashtra, Andhra Pradesh, Kolkata, 
Nepal and other regions. Comparison of the nt and aa 



© 201 2 Mukherjee et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the 
BlOlVlGCl C^ntrBl Creative Commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted 
distribution, and reproduction in any medium, provided the original work is properly cited. 



Mukherjee et al. Virology Journal 2012, 9:233 
http://www.virologyj.eom/content/9/1/233 



Page 2 of 10 



too 



99 



s-; 



81 



7.1 



SO 



32 



A Singapore 276 2009(H1N1) 
A/s wi ne/ltaly/1 1 61 1 4/201 0(H 1 N2) 
A Eastern lndia/2499/2009(H1N1) 
A Wisconsin 629- D 01 661 2009(H1N1) 
A swine Taiwan HL-1 1 2 5 2009 ( H 1 N 1 ) 
• A/Eastern India N-1289 2009(H1 N2) 

I A swine Ohio 02026 2008(H1 N1 ) 

■ A/SwincOhio.891 2001(H1N2) 
. A Swine Indiana 9K035 1999(H1 N2) 

- AswincKansas002462004(H1N2) 

— A/swino/Korea<PZ4/2006(H1N2) 
I A Swine Iowa 930 2001(H1N2) 

I — A/Swino/Wisconsin/464/1998(H1N1) 

A/s wi no Thai I and. C U-C H K4/2009(H 1 N2) 



A3ilNl)p<ilD09 



97 



A/swine/Ontario/57561/2003(H1N1) 

— A swine China 1 1991(H1N2) 

- AswincMiyagi52003(H1N2) 



=5:K!>:!-::i5 



tcHlNl-like 



. A swine Iowa 15 1930 (H1N1) 

E A swine Netherlands 3 1980(H1N1) 
— A swine France WVL1 3 1995(H1 N1 ) 
• A swine Hong Kong 201 201 0(H1 N1 ) 

90 n — A/S wine/Hong KongNS292009(H1N1) 

H. A/s wine/Denmark W V L9 1993(H1N1) 

U. — A/swine/ltaly/2064 1999(H1 N2) 

H. A/swine/Sweden/1021/2009(H1N2) 

A/swino Gormany/SEk1178/2000(H1N2) 
I— A Swine Spain 50047 2003(1-11 N1) 



Lvim-likt HI 



98 



99 



rC 



A/swine/Oklahoma44837-5 2010(H1N2) 

A swine North Carolina 44837-4 2009(H1 N2) 

A/swine/Minnesota/44837-3/2009(Hi N2) 



r— A Brisbane 59 2007(H1 N1 ) 
L— AOh,oK11302006(H1N1) 

U A swine Argentina St aFeN2 201 0(H1 N2) 

I, A Wisconsin 1 2 2001 (H1 N2) 
[I A/lndia/77251/2001(H1N2) 
\ AEngland6272001(H1N2) 
L AswincOntario 482352004(H1N2) 
L A/New York4922003(H1N2) 
B Kol 273 201 0-OUT GROUP 



0.1 



Figure 1 Phylogenetic comparison based on nucleotide sequence of HA gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Kol/273/2010 for HA. The tree was created 
by using neighbor-joining method with 1000 bootstrap replicates. 



sequences of the HA1 gene for H1N1 and H3N2 strains 
showed that a subset of the circulating Kolkata strains 
precede the WHO recommended vaccine strains by 1-2 
years [5]. Prior to pandemic of 2009, neuraminidase 
inhibitors were rarely used for influenza prophylaxis or 
treatment in India which could be the probable reason 
for drug sensitive strains; no genetic indication of muta- 
tions conferring neuraminidase drug resistance in the 
H3N2 (aall9, 152, 274, 292 or/and294) or in the H1N1 
(aa275) viruses was observed during 2005-08 in eastern 
region of India [5]. However in 2009, oseltamivir 
resistant seasonal H1N1 viruses emerged with H275Y 
substitution [6-8]. Interestingly, inspite of oseltamivir 



Table 1 Comparison of amino acid (aa) sequences of the 
HA1 region of A/Eastern lndia/N-1 289/2009 with that of 
the vaccine strain (A/Brisbane/59/2007), a A(H1N1)pdm09 
strain (A/Eastern India/2499/2009), and a previously 



reported H1N2 strain (A/lndia/77251/2001) 



Influenza A strains 




Amino acid position 
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In respect to the vaccine strain identical residues are indicated by dots and 
the '-' represent deletion. 
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Figure 2 Phylogenetic comparison based on nucleotide sequence of NA gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Kol/222/2010 for NA. The tree was created 
by using neighbor-joining method with 1000 bootstrap replicates. 



treatment during pandemic H1N1, the co-circulating in- 
fluenza A(HlNl)pdm09 strains as well as the H3N2 
strains did not show any mutation containing oseltami- 
vir resistance. Again the influenza A(HlNl)pdm09 virus, 
with gene segments from avian, swine and human origin 
had spread globally within 3 months resulting in declar- 
ation of pandemic level 6 by W.H.O [9] was unique 
compared to previous pandemics since it had high 



transmission ability but low virulence compared to pre- 
vious pandemic viruses of this century [10]. In Eastern 
India, we have observed circulation of H1N1 and H3N2 
subtypes during 2005-2009 [5]. In 2010, influenza A 
(HlNl)pdm09 was predominant [11]. 

In the present study, we are reporting detection and 
molecular characterization of a H1N2 strain (designated 
as A/Eastern India/N-1289/2009); detected from a 25 
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Table 2 A & B Comparison of amino acid (aa) sequences of the NA gene of A/Eastern India/N- 1289/2009 with that of 
the vaccine strain (A/Brisbane/1 0/2007), a H3N2 strain (A/Kol/2452/2009), and a previously reported H1N2 strain 
(A/lndia/77251/2001) 
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Figure 3 Phylogenetic comparison based on nucleotide sequence of PB2 gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Florida/4/2006 for PB2. The tree was created 
by using neighbor-joining method with 1000 bootstrap replicates. 
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Figure 4 Phylogenetic comparison based on nucleotide sequence of PB1 gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Victoria/504/2000 for PB1 . The tree was 
created by using neighbor-joining method with 1000 bootstrap replicates. 



years old male in North-eastern India who was suffering 
from fever, and acute respiratory tract infections (ARTIs) 
and had histories of close contact with a person suffering 
from influenza A(HlNl)pdm09. Since H1N2 is not com- 
mon in this region, all gene segments were sequenced to 
characterize the virus. 

Methods 

Sample collection and screening 

Nasal and/or throat swabs of hospitalized cases were re- 
ferred from different hospitals in eastern and north- 
eastern India during the pandemic period (June 2009- 
Dec 2010) [12,13]. The informed consent forms and 
detailed case histories were recorded before collection of 
sample. The study was approved by the Institutional 
Ethical Committees, NICED (Ethical Clearance No. A-l/ 



2009-IEC). Initial detection of influenza viruses, was car- 
ried out as described previously [14]. The H1N2 virus 
characterized in this study was identified from a referred 
sample of a patient with severe respiratory infection in 
Mizoram (North-eastern India). 

Full length amplification and sequencing of viral genes 

For sequencing, viral genes were amplified as described 
earlier [14,15]. Nucleotide (nt) sequencing was carried out 
in an ABI Prism 3100 Genetic Analyzer (PE Applied Bio- 
systems, Foster City, CA, USA) using gene specific pri- 
mers. Nucleotide and protein sequence BLAST search was 
performed using the National Centre for Biotechnology 
Information (NCBI, National Institutes of Health, 
Bethesda, MD) Basic Local Alignment Search Tool 
(BLAST) server on GenBank database release 143.0. [16]. 



Mukherjee et al. Virology Journal 2012, 9:233 
http://www.virologyj.eom/content/9/1/233 



Page 6 of 10 



95 



96 



A/Wisconsin/67/2005(H3N2) 
A/New York 417 2002(H1N2) 
A/Denmark/12/2003(H1N2) 
A swine Ontario 521 56 2003( H 1 N 2) 
, A/Brisbane/10/2007(H3N2) 
L# A/Eastern India N-1289/2009(H1N2) 
A Wellington 1 2004(H3N2) 
J L A Nctherl ands/301 fl 9 9 9 ( H 3 N 2 ) 
L— A Taiwan 3 1971(H3N2) 
I— A swine Italy 6 1981{H3N2) 
— A Japan 305-MA19B 1957{H2N2) 

A/B ri sbane/59/2007(H1 N1 ) 
95j— AJswino/Wisconsin/464/1998<H1N1) 
^T"L A swine Wisconsin 238 1997(H1 N1 ) 

| A/swine/Chiba 1 1991(H1N2) 

M, A/svvWOntarlo/57561/2003<H1N1) 
90 9 P A/swine, Ontario, 48235 2004<H1 N2) 
89j— A swine Scotland 410440 1994(H1 N2) 
"[I — A/swino/Bakum/1832 2000(H1 N2) 
"L A/8' 




A swine Brabant 1984(H3N2) 
A shorcbird Delaware Bay2832003(H9N1) 
AfelineKorcaOl 201 0 ( H 3 N 2 ) 
■ A swine Hong Kong NS1892 2009(H1 N2) 



j. A/s 

- f > 

75 LA/S 



A swine Shanghai 1 2007(H1N2) 

A swine Guangdong 1222 2006(H1N2) 
A swine Hong Kony 201 201 0(H1 N1 ) 
r- A Swine Ohio 891 2001 (H1 N2) 
- A/Swine/lowa/930/2001(H1N2) 

. A swine Argentina StaFcN2 2010(H1 N2) 
A/s wi ne Italy 1 1 61 1 4/201 0 ( H 1 N 2 ) 
A swine Taiwan/CH-1204/2009(H1N1) 
A Wisconsin 629 D01 661 2009(H1N1) 
| r A swine Minnesota 07002083 2007(H1 N1) 
LL — A swine Ohio 02026 2008(H1N1) 
Tj- A/swino/Toxas/01976/2008(H1N2) 
I A swme Minnesota 0201 1 2008(H1 N2) 
75 l— A/swine/lowa/A01049034V2010(H3N2) 

I A swine Iowa 02039 2008 (H1 N2) 

I AturkcyOh,o3130532004(H3N2) 
A/duck/Fukushima/2/201 1 (H5N 1 ) 
Ach.ckenWest Bcngal1555052009(H5N1) 
B/lndiano 01 1995-OUT GROUP 



AfHl.MJpdmOMike 



Kixsa-Hi:; 



Avian-like 



0.1 



Figure 5 Phylogenetic comparison based on nucleotide sequence of PA gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/lndiana/01/1995 for PA. The tree was 
created by using neighbor-joining method with 1000 bootstrap replicates. 



Phylogenetic analysis 

Pairwise sequence alignments were performed using 
LALIGN software. Multiple alignments were done with 
Clustal W program which is available at DDBJ software. 
Phylogenetic tree was constructed by the neighbor- 
joining method [17] using the MEGA program, version 
4.1. 



Gene bank accession number 

The nucleotide sequence data were submitted to the 
GenBank under the accession numbers JQ340003, 
JQ340004, JQ340005, JQ340006, JQ340007, JQ340008, 



JQ340009, and JQ340010 for HA, NA, NP, PA, PB1, 
PB2, Matrix and Non structural genes respectively. 

Results 

During the influenza A(HlNl)pdm09 period in 2009-2010, 
an Inf-A positive sample (designated as A/Eastern India/N- 
1289/2009) was detected from a 25 years old male in 
North-eastern India among 2931 samples screened till date. 
The sample was initially classified as influenza A(H1) 
pdm09, though NA gene could not be amplified using Nl 
specific primers. To rule out mix infection in patient, pri- 
mers specific for H3 and N2 were also used, H3 did not 
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Figure 6 Phylogenetic comparison based on nucleotide sequence of NP gene with that of vaccine strains and the strains from 
different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Florida/4/2006 for NP. The tree was created 
by using neighbor-joining method with 1000 bootstrap replicates. 



amplify, however NA gene was amplified using N2 specific 
primers. Full length sequencing of HA and NA gene seg- 
ments confirmed the virus to be of H1N2 subtype. For fur- 
ther genetic analysis, the complete coding sequences of all 
8 segments were determined. 

Figure 1 showed phylogenetic relationship of HA 
(Hemagglutinin) gene for the H1N2 virus. Such analysis 
revealed that the HA gene of this H1N2 (A/Eastern India/ 
N-1289/2009) virus was closely related to the recent influ- 
enza A(HlNl)pdm09 viruses, however; A/India/77302/ 
2001-the H1N2 strain isolated in India during 2001, clus- 
tered with the viruses which have human-like HI gene. 
Comparison of the amino acid sequences of the HA1 re- 
gion of A/Eastern India/N- 1289/2009 with the vaccine 
strain (A/Brisbane/59/2007), the recent influenza A 
(HlNl)pdm09 strain (A/Eastern India/2499/2009) and a 
H1N2 strain (A/India/77251/2001) which was isolated 
previously from India [18] showed several amino acid 



changes; for example position 147 has an insertion of a ly- 
sine residue whereas position 150 has a threonine instead 
of serine of the vaccine strain, position 152 has got alanine 
instead of serine and both 174 and 207 has serine instead 
of leucine and alanine respectively (Table 1). 

The phylogeny of the NA gene (Figure 2) demonstrated 
that A/Eastern India/N- 1289/2009 acquired its NA gene 
from triple reassortant H3N2 viruses and shares the same 
clade with A/Perth/16/2009 (H3N2) and with A/Brisbane/ 
10/2007. A/India77251/2001-a H1N2 strain isolated dur- 
ing 2001 [18] acquired its NA gene from a H3N2 like 
viruses; also shares the same clade with A/Eastern India/ 
N-1289/2009. Comparison of the amino acid sequences of 
NA gene of A/Eastern India/N-1289/2009 with the vac- 
cine strain of the H3N2-like viruses (A/Brisbane/10/2007), 
a H1N2 strain (A/India/77251/2001) and a H3N2 strain 
(A/KOL/2452/2009) showed several changes at the amino 
acid level (Table 2). Among them two substitution were 
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Figure 7 Phylogenetic comparison based on nucleotide sequence of non-structural gene with that of vaccine strains and the strains 
from different countries. Our strain is marked as The tree was rooted with cognate stretch of strain B/Florida/4/2006 for HA. The tree was 
created by using neighbor-joining method with 1000 bootstrap replicates. 



very important. One was located at the antigenic site B 
(E221K) and the second one was E432Q substitution. No 
mutation regarding resistance against neuraminidase in- 
hibitor was observed. 

Figures 3, 4, 5, 6 shows the phylogenetic relationship 
of the basic polymerase 2 gene (PB2), basic polymerase 
1 gene (PB1), acidic polymerase gene (PA) and nucleo- 
protein gene (NP) respectively. Our result demonstrated 
that PB2, PB1, PA and NP genes of A/Eastern India/N- 
1289/2009 are closely related to A/Brisbane/10/2007 
(the vaccine strain of H3N2-like viruses) but distantly 
related to A/Brisbane/59/2007 (the vaccine strain of 
HINl-like viruses). Comparison of the amino acid 
sequences with A/Brisbane/10/2007 revealed that there 
were altogether 5 positions in PB2 gene, 11 positions in 
PB1 gene and 3 positions in NP gene where amino acid 
changes were observed; moreover no change was 
observed in the amino acid sequences of the PA gene 
(Additional file 1: Table SI). 



The non-structural gene also shares the same clade 
with the current circulating H3N2 strains and also with 
the vaccine strain A/Brisbane/10/2007 (Figure 7). Simi- 
larly the matrix protein gene of A/Eastern India/N- 
1289/2009 strain is highly homologous to H3N2 strains 
like A/Brisbane/10/2007 (the vaccine strain), A/Wiscon- 
sin/67/2005, and A/Fujian/41 1/2002 etc (Figure 8). A 
single amino acid change was observed in matrix protein 
gene as well as in non-structural gene in comparison to 
A/Brisbane/10/2007 (Additional file 1: Table SI). No 
mutation regarding amantadine resistance in the matrix 
protein gene was observed. 

Discussion 

Influenza A viruses of the H1N2 subtype were isolated 
previously from humans in India [18] and Japan [19] 
during the 2001-2002 influenza season. Genetic analysis 
revealed that they were reassortants of the human H1N1 
and H3N2 viruses and that they were apparently distinct 
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from the H1N2 swine influenza viruses. However, inspite 
of repeated attempts to isolate the recombinant virus 
(designated as A/Eastern India/N- 1289/2009) by inocu- 
lation of susceptible cells as well as by egg inoculation, 
virus could not be isolated. The reason for failure could 
be loss of viability as the sample came from Mizoram 
(~ 1219 kms from Kolkata) by courier which took >48 
hrs to deliver it in lab. 

Co-circulation of both influenza A(HlNl)pdm09 and 
seasonal (A/H1N1, A/H3N2) influenza during 2009 and 
complete disappearance of seasonal A/H3N2 and A/ 
H1N1 strains in 2010 was observed in eastern India [13]. 
Such co-circulation is the prime cause of the generation 
of genetically reassortant viruses. Our study revealed 
that the H1N2 virus identified during 2009 was reassor- 
tant of influenza A(HlNl)pdm09 and H3N2-like viruses 
of human origin. Phylogenetic analysis of the HA gene 



revealed that the virus has got it's HA gene from Influ- 
enza A(HlNl)pdm09 viruses whereas the virus derived 
the NA gene and all other gene segments from the 
H3N2-like viruses (Additional file 2: Table S2). Compari- 
son of antigenic sites of HA1 region of our strain with 
A/Brisbane/59/2007 (the vaccine strain; which was used 
to clarify whether the vaccination could provide protec- 
tion against this virus), A/Eastern India/2499/2009 (one 
of the influenza A(HlNl)pdm09 strain) and A/India/ 
77251/2001(an H1N2 strain isolated in 2001-02 sessions) 
revealed that there is an insertion of a strong basic 
amino acid Lysine (K) at position 147. Such insertion 
might affect electrostatic interactions of HA with its 
antibodies [20]. The substitution of one nonpolar neutral 
amino acid with another nonpolar neutral one will not 
make any difference in making the hydrophobic inter- 
action and proper conformation into the binding pocket 
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[21] but the S152A substitution is polar to nonpolar 
whereas L174S and A207S show substitution of a non- 
polar aa with a polar one. It could be predicted that such 
shift may lead to the improper hydrophobic interaction 
and improper conformation into the binding pocket 
which may affect receptor binding. The aa sequence ana- 
lysis of the NA gene show more substitutions than the 
HA1 region, but the important one is located at position 
221 where a polar negative aa has been substituted with 
polar positive aa. Such positivity results in more hydro- 
phobicity of the amino acids located in that particular 
region of the protein which attracts specific protein 
regions towards the hydrophobic region. Such type of 
substitution also occurred at position 18, 42, 50, 267, 
370 and 372. However the effects of amino acid substitu- 
tion in the internal genes are not known. 

Conclusion 

The strain A/Eastern India/N- 1289/2009 is a classical 
case of sporadic reassortment event occurring during 
the 2009-2010 influenza season when infectivity is high 
and different subtypes co-circulate. 

Additional files 



Additional file 1: Table S1A-1E. Comparison of amino acid (aa) 
changes at different positions of the internal genes (PB2, PB1, NP, NS and 
Matrix protein gene) of A/Eastern India/N- 1 289/2009 with that of the 
vaccine strain (A/Brisbane/1 0/2007). 

Additional file 2: Table S2. Table indicating closest ancestor strain 

(name and host origin) and % homology using BLAST analysis. 
. . 

Abbreviations 

Aa: Amino acid; Nt: Nucleotide; RT-PCR: Reverse transcriptase polymerase 
chain reaction. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

TRM drafted the manuscript and performed phylogenetic analysis. ASA 
performed screening of clinical samples by RT-PCR. SC provided guidance 
and has given final approval of the version to be published. MCS conceived 
the study, provided guidance and edited manuscript. All authors read and 
approved the final manuscript. 

Acknowledgements 

The study was supported by financial assistance from Indian Council of 
Medical Research (ICMR), New Delhi. 

Received: 3 January 2012 Accepted: 27 September 2012 
Published: 11 October 2012 

References 

1 . Zhou NN, Senne DA, Landgraf JS, Swenson SL, Erickson G, Rossow K, Liu L, 
Yoon K, Krauss S, Webster RG: Genetic reassortment of avian, swine, and 
human influenza A viruses in American pigs. J Virol 1999, 
73:8851-8856. 

2. Vincent AL, Ma W, Lager KM, Janke BH, Richt JA: Swine influenza viruses a 
North American perspective. Adv Virus Res 2008, 72:127-154. 

3. Myers KP, Olsen CW, Gray GC: Cases of swine influenza in humans: a 
review of the literature. Clin Infect Dis 2007, 44:1084-1088. 



4. Vincent AL, Ma W, Lager KM, Gramer MR, Richt JA, Janke BH: 
Characterization of a newly emerged genetic cluster of H1N1 and H1N2 
swine influenza virus in the United States. Virus Genes 2009, 39:176-185. 

5. Agrawal AS, Sarkar M, Ghosh S, Roy T, Chakrabarti S, Lai R, Mishra AC, 
Chadha MS, Chawla-Sarkar M: Genetic characterization of circulating 
seasonal Influenza A viruses (2005-2009) revealed introduction of 
oseltamivir resistant HI IM 1 strains during 2009 in eastern India. Infect 
Genet Evol 2010, 10:1188-1198. 

6. Gubareva LV, Kaiser L, Hayden FG: Influenza virus neuraminidase 
inhibitors. Lancet 2000, 355:827-835. 

7. Ives JA, Carr JA, Mendel DB, Tai CY, Lambkin R, Kelly L, Oxford JS, Hayden 
FG, Roberts NA: The H274Y mutation in the influenza A/H1N1 
neuraminidase active site following oseltamivir phosphate treatment 
leave virus severely compromised both in vitro and in vivo. Antiviral Res 
2002, 55:307-317. 

8. Kiso M, Mitamura K, Sakai-Tagawa Y, Shiraishi K, Kawakami C, Kimura K, Hayden 
FG, Sugaya N, Kawaoka Y: Resistant influenza A viruses in children treated 
with oseltamivir: descriptive study. Lancer 2004, 364:759-776. 

9. Centers for Disease Control and Prevention: Outbreak of swine-origin 
influenza A (H1N1) virus infection. Mexico: 2009. Available from http://www. 
Cdc.gov/mmwr/preview/mmwrhtml/mm58d0430a2.htm. 

10. Sarkar M, Agrawal AS, Sharma Dey R, Chattopadhyay S, Mullick R, De P, 
Chakrabarti S, Chawla-Sarkar M: Molecular characterization and 
comparative analysis of pandemic H1N1/2009 strains with co- 
circulating seasonal H1N1/2009 strains from eastern India. Arch Virol 
2011, 156:207-217. 

1 1 . Mukherjee A, Roy T, Agrawal AS, Sarkar M, Lai R, Chakrabarti S, Chawla- 
Sarkar M: Prevalence and epidemiology of pandemic H1N1 strains in 
hospitals of Eastern India. J Pub Health Epidemiol 2010, 2:171-174. 

12. Roy T, Agrawal AS, Mukherjee A, Mishra AC, Chadha MS, Kaur H, Chawla- 
Sarkar M: Surveillance and Molecular characterization of human influenza 
B viruses during 2006-2010 revealed co-circulation of Yamagata-like and 
Victoria-like strains in eastern India. Infect Genet Evol 2011, 11:1595-1601. 

13. Agrawal AS, Sarkar M, Chakrabarti S, Rajendran K, Kaur H, Mishra AC, 
Chatterjee MK, NaikTN, Chadha MS, Chawla-Sarkar M: Comparative 
evaluation of real-time PCR and conventional RT-PCR during 2 year 
surveillance for influenza and respiratory syncytial virus among children 
with acute respiratory infections in Kolkata, India, reveals a distinct 
seasonality of infection. J Med Microbiol 2009, 58:1616-1622. 

14. Hoffmann E, Stech J, Guan Y, Webster RG, Perez DR: Universal primer set 
for the full length amplification of all influenza A viruses. Arch Virol 2001, 
146:2275-2289. 

15. Schaffer AA, Aravind L, Madden TL, Shavirin S, Spouge JL, Wolf Yl, Koonin 
EV, Altschul SF: Improving the accuracy of PSI-BLAST protein database 
searches with composition-based statistics and other refinements. 
Nucleic Acids Res 2001, 29:2994-3005. 

16. Saitou N, Nei M: The neighbor-joining method: a new method for 
reconstructing phylogenetic trees. Mol Biol Evol 1987, 4:406-425. 

17. Xu X, Smith CB, Mungall BA, Lindstrom SE, Hall HE, Subbarao K, Cox NJ, 
Klimov A: Intercontinental Circulation of Human Influenza A(H1N2) 
Reassortant Viruses during the 2001-2002 Influenza Season. J Infect Dis 
2002, 186:1490-1493. 

1 8. Kawakami C, Saito T, Nakaya Y, Nakajima S, Munemura T, Saikusa M, Noguchi Y, 
Fujii K, Takaoka M, Ito R, Saito T, Odagiri T, Tashiro M: Isolation of influenza A 
HI N2 viruses from an outbreak in Yokohama City during the 2001-2002 
influenza season in Japan. Jpn J Infect Dis 2003, 56:1 10-11 3. 

19. Bulimo WD, Garner JL, Schnabel DC, Bedno SA, Njenga MK, Ochieng WO, 
Amukoye E, Magana JM, Simwa JM, Ofula VO, Lifumo SM, Wangui J, Breiman 
RF, Martin SK Genetic analysis of H3N2 influenza A viruses isolated in 
2006-2007 in Nairobi, Kenya. Influenza Other Respi Viruses 2008, 2:107-1 13. 

20. Baek YH, Park JH, Song YJ, Song MS, Pascua PN, Hahn YS, Han HS, Lee 
OJ, Kim KS, Kang C, Choi YK: Molecular characterization and 
phylogenetic analysis of H3N2 human Influenza A viruses in Cheongju. 
South Korea. J Microbiol 2009, 47:91-100. 



doi:1 0.1 1 86/1 743-422X-9-233 

Cite this article as: Mukherjee ef ai: Full genomic analysis of an 
influenza A (HI N2) virus identified during 2009 pandemic in Eastern 
India: evidence of reassortment event between co-circulating A 
(H1N1)pdm09 and A/Brisbane/1 0/2007-like H3N2 strains. Virology 
Journal 2012 9:233. 



